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ABSTRACT

The satisfaction of heightened quality requirements for railway carriage bodies as complex engineering structures are only possible by way of a comprehensive controlling of the entire design and manufacturing process and the close cooperation of all experts taking part in the process. In the design phase several different points of view need to be taken into consideration and weighed in order to satisfy the various demands for the vehicle structure, which often even contradict each other. In view of the complexity of the task to be solved, the development of an expert system to be used in the area of resistance spot welding procedures is fully justified. In our paper we are discussing the topical questions of the development of expert systems assisting the design and manufacturing of spot welded vehicle structures with optimum characteristics. 
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INTRODUCTION
The market value (success) of a product is basically determined by how competitive it is. Competitiveness, in turn, is primarily a function of the costs associated with the product throughout its entire life cycle, i.e. from its design and manufacturing, through its operation and maintenance to decommissioning. In the design and manufacturing phase, several different points of view need to be taken into consideration and weighed in order to satisfy the customer’s various demands and expectations for the product, which often even contradict each other. The achievement of an optimal result taking into account these various different requirements is a difficult task, since in addition to the demands of strength, reliability, aesthetic considerations, etc., attention must also be paid so that the product can be manufactured and inspected to specifications. An indispensable means of attaining these objectives is a close cooperation between the design engineer, the technologist and the experts carrying out the inspections both in the phase of product design and the manufacturing technology design. At the same time, competitiveness also presupposes a reduction of the time devoted to the design phase. In view of the complexity of the task at hand, the short time frames available, and the increased expectations towards the experts participating in the project (thorough theoretical knowledge combined with extensive practical experience), the use of expert systems in the design process for the achievement of the objectives set forth is well justified. 

The Department of Mechanical Technology and Material Science of the Budapest University of Technology and Economics (BMGE) has been conducting significant research projects for over a decade in the area of computer-aided design of welding processes [1, 2, 3, 4]. Connecting to this research, our project aims to promote the development of an expert system to be used in the area of resistance spot welding procedures. I this paper we intend to discuss some of the most recent results of research carried out in this field.

RESISTANCE SPOT WELDING PROCEDURES 

IN THE MANUFACTURING OF RAILROAD STRUCTURES

The chassises and bodies of both road and railway vehicles are built on the basis of the principle lightweight construction [5]. Vehicle structures demand designs that are rigid enough and can withstand fatigue loading, but at the same time have the smallest weight possible. The most common manufacturing method for such vehicle structures is resistance spot welding, because of the various advantages (efficiency, the availability of mechanization, uniform weld quality, etc.). The questions of inspections related to the design and manufacturing of these vehicle structures is a very current issue these days.

This is primarily the case because this industrial sector is characterized by large series, where the questions of economic efficiency come to the foreground to a greater extent. The above objectives can only be attained by increasing the quality and reliability of the vehicle structures, while at the same time reducing the design, manufacturing, operation and maintenance costs. Competitive market conditions, therefore, demand a constant development of the materials used, the design, the manufacturing and the control of production, as well as the application of the most advanced design and manufacturing methods. Without such development success on the market - maintaining and strengthening the market position by gaining further customers - cannot be achieved. With regard to the fact that vehicle manufacturing industry is one of the driving forces of global economy, continuous development is justified.

This is secondly the high quality standards set for the vehicles and various components can only be ensured by controlling the entire manufacturing process from design and the selection of materials to manufacturing and subsequent checking. This justifies the creation of strict regulations regarding the design, manufacturing and checking of vehicle structures, which includes the increasing of the reliability of welded joints. The increasing demands for product safety also justify continuous development.

On the basis of the above it is reasonable to place the customer’s expectations in the focus, to analyze and quantify them (i.e. convert them into index numbers), thereby endeavoring to design a structure with the most optimal parameters. In other words, the satisfaction of the customer’s expectations may be best ensured by solving an optimization task, which places quality in the focus. Such a quality-centered optimization task justifies the development of expert systems for use in resistance spot welding procedures. The application of an expert system can provide, among other things, the following benefits: 

· help achieve the strict quality (reliability) requirements set for vehicle structures;

· facilitate the control of the entire design and manufacturing process (from design and the selection of materials to manufacturing and subsequent checking); and

· increase the reliability of welded joints.

SCIENTIFIC PRELIMINARIES

The literature of methods, optimization procedures and expert systems used in the design of vehicle structures in very extensive [6, 7, 8]. It cannot be our objective in the confines of the present paper to describe in detail the theoretical background of optimization procedures and expert systems, and so we will only briefly refer to some of the preliminaries. 

The ultimate objective of several decades of research is intelligent problem solving. An expert system is a computer-based problem solving system that provides assistance in the analysis and solving of highly complicated and complex problems by evoking the problem solving procedures used by human experts [9]. The intelligence of the system is best manifested in its ability to adapt to new circumstances, which is closely related to the use of experiences acquired earlier [10].

The problem solving method of expert systems is basically determined by the form in which knowledge is represented. Case-based design implements a system whereby the elements of earlier designs are re-used in the design process. A complex design problem can thus be solved in shorter time by appropriately modifying the results of a similar, but already solved problem. 

Keeping in mind the complexity of the topic, in our paper we wish to discuss some topical questions of the development of an expert system assisting in the design and manufacturing of spot welded vehicle structures. The practical applicability of the development results are demonstrated through the example of updating of vehicle structures in the plant of Bombardier Transportation in Dunakeszi, Hungary. We intend to demonstrate how the experiences gathered in the design and manufacturing were utilized in the development of the expert system. We intend to show how the special welding technological requirements are used in the design and manufacturing of the side walls. We intend to show what measures had to be taken and what questions had to be answered in order for these requirements to be taken into consideration as early as the design process and what preparations need to be taken during the design of the technology and the actual production, so that the welded joints would satisfy the quality requirements set forth.
DESIGN REQUIREMENTS

Bombardier Transportation was commissioned to build, rebuild and/or modernize various types of railway passenger wagons in its Dunakeszi plant. Among other projects, the updating of 136 pieces of Bhv-type suburban passenger wagons at the orders of the Hungarian State Railways (MÁV) and 79 pieces of second-class passenger wagons at the orders of the Greek Railway Company (OSE) can be highlighted (Figures 1. and 2.). The objectives of these projects included the improvement of the quality of rail transportation, the increase of passenger comfort, and the raising of the technical quality of the aged vehicle fleet.

[image: image1.jpg]



Figure 1.: Modernized, Bhv-type, suburban railroad passenger railway carriage
[image: image2.jpg]



Figure 2.: A second-class passenger wagon at the orders of the Greek Railway Company

In view of the loads on the structure, the geometric configuration of the vehicle, the material quality and typical thickness of the side plates and the framework, as well as the minimum expected lifetime, we strove to find the optimum structure satisfying the customer's requirements in the design of the spot welded side walls. For this purpose, we have:

· analyzed and quantified the customer's requirements, and defined the limit values for each parameter (Table 1.);

· prepared a finite-element model of the closed frame;

· examined the stresses and deformations arising in the closed frame as a result of the loads;

· performed examinations in order to define optimum weld distribution (geometric position and weld distance).

	No.
	Requirement
	Index number
	Limit value
	Index number in optimal case:

	1.
	Strength adequacy of spot welds
	Load on spot welds [kN]
	Shear/breaking strength characteristic of spot welds [kN]
	decreases

	2.
	Aesthetic requirement: deformation for entire vehicle structure 
	Extent of deformation [mm]
	Maximum deformation allowed by standard
	decreases

	3.
	Production cycle time
	Number of spot welds
	-
	decreases

	4.
	Extent of weld's utilization 
	Utilization factor
	100%
	increases


Table 1.: Customer's requirements and quality indexes

THE FINITE ELEMENT MODEL

The finite element analyses were carried out with the application of the MSC.Nastran/Patran v. 70.5 software package. The loads that the vehicle structure is exposed to were determined in accordance with the customer’s requirements, on the basis of the MSZ EN 12663:2000 standard and the provisions of UIC 566. In the course of the finite element modeling, we examined the stresses and deformations resulting from normal operation and extraordinary loads as defined by the standard (Figure 3.). A detailed review of the examinations performed is contained in [11, 12].
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Figure 3.: Stresses and distortions in the carriage body
Figure 4. shows the finite element model of the spot welded joints of the side wall windows and corner frames. On the basis of earlier operation experiences we can state that the lifetime of the vehicle structure is significantly determined by the behavior of the environment of the side wall windows and corner frames under stress loads. Deterioration processes starting from the environment of the side wall windows and corner frames have a fundamental effect on the lifetime of the vehicle structure; therefore, special attention had to be paid to the design of appropriate connections in this area. The forces affecting the individual welded joints with a given density of welds is shown in Figure 5.
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Figure 4.: The finite element model of the side wall windows and corner frames with resistance spot welds
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Figure 5.: The loads on the spot welds

The weld quality requirements and the testing instructions were determined with the results of the finite element modeling in mind. The results derived from the modeling were checked in the series of measures taken on a completed carriage body made possible by the Institute of Development and Experiments of MÁV Rt. Upon the evaluation the examinations we could conclude that the spot welded joints made with the standard characteristics satisfy the expected loads affecting the carriage body.

THE CASE-BASED DESIGN SYSTEM

The experiences gained in the design problems were utilized in the development of the expert system assisting in the design and manufacturing of spot welded vehicle structures with optimum characteristics. The focus of our research was the various methods of knowledge representation and inference that can be used in the expert systems. Figure 6. shows the diagram of a case-based expert system developed for the designing of a spot welded vehicle side wall.
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Figure 6: Block diagram of a case-based design system

In the development of the system, we were looking for solutions to the following problems 
:

· A parametric system was developed for the definition of the characteristic features of unique individual cases, i.e. for the coding of the cases;

· For the determination of similarities between individual cases, examinations were carried out in order to introduce index numbers for similarities;

· Studies were made for the modification (adaptation) of a similar design selected from the case-base. A genetic algorithm was used for the performance of the optimization process. 

The results of the study provide sufficient basis for the achievement of the objectives set forth in the introduction, and they also facilitate the further development of the model and its additional industrial application. The experiences gained in the course of the development of the case-based expert system also point out the directions of future research, since in the case of a weld made with given parameters it becomes possible to define deformations and residual stresses. These two characteristics are extremely important from the point of view of the production railway vehicle parts, because the former affects the usability of the part, while the latter reflects the effect of the given part on the whole structure; and furthermore.
SUMMARY

The paper discusses the possibilities of using expert systems in the design and manufacturing of railway vehicle structures with resistance spot welds. After the demonstration of the importance of the topic, the necessity of developing and improving expert systems that can be used in the area of resistance welding procedures is emphasized. The application of welding technology requirements to design and manufacturing is shown through a concrete example. We have presented an outline and the characteristic features of a case-based expert system developed for the design of spot welded vehicle side walls, and references have been made to a possible method of implementing knowledge representation and inference methods.
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